I a n S. B u t l e r D e p a r t m e n t o f C h e m i s t r y , M c G i l 1 U n i v e r s i t y , 8 0 1 S h e r b r o o k e S t . West, M o n t r e a l , Q u e b e c , C a n a d a H 3 A 2K6 A b s t r a c t -The f i r s t t r a n s i t i o n -m e t a l t h i o c a r b o n y l complexes were d i s c o v e r e d j u s t o v e r 20 y e a r s ago.
INTRODUCTION
The f i r s t e x a m p l e s o f t r a n s i t i o n -m e t a l c a r b o n y l s , Ni(CO)4 a n d F e ( C 0 ) 5 , were d i s c o v e r e d i n t h e e a r l y 1 8 9 0 ' s b y M o n d (e.g., s e e r e f . 1 ) .
T h e s e c o m p o u n d s w e r e p r o d u c e d b y d i r e c t r e a c t i o n o f C O g a s w i t h t h e m e t a l s . I n t h e c a s e o f N i ( C 0 ) 4 , t h e r e a c t i o n is t h e r m a l l y r e v e r s i b l e a n d t h i s d i s c o v e r y l e d t o t h e Mond p r o c e s s f o r t h e p u r i f i c a t i o n o f n i c k e l t h a t is s t i l l e m p l o y e d t o d a y . N i + 4CO N i ( C O ) , U n l i k e C O , c a r b o n m o n o s u l f i d e ( C S ) i s o n l y s t a b l e b e l o w -1 6 0 O C ; a b o v e t h i s t e m p e r a t u r e , CS p o l y m e r i z e s t o ( C S ) , ( s o m e t i m e s e x p l o s i v e l y ) . T h i s i s p r e s u m a b l y t h e r e a s o n why m e t a l t h i o c a r b o n y l s were n o t d i s c o v e r e d u n t i 1 t h e l a t e 1960's.
T h e f i r s t e x a m p l e s o f m e t a l t h i o c a r b o n y l s r e p o r t e d were t r a n s -
RhC1(CS)(PPh3)2 a n d i t s c h l o r i n e o x i d a t i v e -a d d i t i o n p r o d u c t RhC13(CS)(PPh3)
( r e f . 2). T h e Rh(1) c o m p l e x was p r e p a r e d by CS2 a c t i v a t i o n i n t h e p r e s e n c e o f t h e s u l f u r -a c c e p t o r PPh3.
R h C 1 ( P P h 3 I 3 + CS2 d t r a n~-R h C l ( C S ) ( P P h~)~ + PPh3S t r a n~-R h C l ( C S ) ( P P h 3 ) 2 + C l 2 ------ 
O v e r t h e n e x t f e w y e a r s , t h i o c a r b o n y l c o m p l e x e s were i d e n t i f i e d f o r s e v e r a l , t r a n s i t i o n m e t a l s ( r e 4 ) . E x a m p l e s o f t h e o m p l e x e s r e p o r t e d a r e 
, THF, S M e 2 , e t c . )
(,-,6-Arene)Cr(C0)2(C8H14) + CS2 + P P h 3 4 ( , -, 6 -A r e n e ) C r ( C 0 ) 2 ( C S ) + P P h 3 S + C g H 1 4
Carbon monoselenide is apparently more unstable than CS since it has eluded i s o l a t i o n , e v e n at l i q u i d -h e l i u m t e m p e r a t u r e s ; it h a s b e e n d e t e c t e d s p e c t r o s c o p i c a l l y h o w e v e r (ref. 5). It w a s n o t u n t i l 1 9 7 5 t h a t t h e f i r s t m e t a l s e l e n o c a r b o n y l s w e r e d i s c o v e r e d (ref. 6) a n d a v a r i e t y of c o m p l e x e s s i m i l a r t o t h e k n o w n t h i o c a r b o n y l s h a v e n o w b e e n s y n t h e s i z e d , e.g., Cr(C0)5(CSe), C P R~( C O )~( C S~) , and ( ~l~-a r e n e ) C r ( C O )~( S C e ) (ref. 4).
T h e preparative routes are analogous to those for thiocarbonyls; CSe2 is used as the initial source of CSe:
( n 6 -~r e n e )~r (~~) 2 (~8~1 4 ) + c s e 2 + P P h 3 ---> ( ~l~-A r e n e ) C r ( C O )~( C S e ) + P P h 3 S + C g H 1 4
(11 6-PhC02Me)Cr(CO)2(CSe) + 3CO X-ray data h a v e been obtained for several chalcocarbonyl derivatives and the M-C-X (X -S, Se, Te) l i n k a g e s a r e l i n e a r (175-180') (ref. 4). T h e r e f o r e , similar bonding to that in M-C-0 groups is anticipated. The M-C(X) distances a r e s i g n i f i c a n t l y s h o r t e r t h a n M-C(0) d i s t a n c e s , e.g., i n Cr ( Kinetic studies for arene replacement in the same series of complexes indicate that the reaction rates increase with c h a n g e s i n X a s 0 < S < S e (ref. Table 2 . The reactions are clearly simple isomerizations from the observed isobestic point behavior. Two-dimensional 31P NMR spectroscopy (accordian pulse sequence: ~1 1 2 , t l , d 2 , mix, TI , t2) was used to establish that dynamic intramolecular exchange takes place between the =-I and =-I1 isomers ( Fig. 1) (refs. 1 4 , 15) . The intramolecular nature of the processes was demonstrated by the lack of correlation between resonaces of the complexes and those of excess ligand present in solution.
8). T h e s e d a t a a r e c o n s i s e n t w i t h t h e following order of increasing net electron withdrawal capability: CO < CS <

CSe. F i n a l c o n f i r m a t i o n of t h i s o r d e r h a s c o m e f r o m a w i d e r a n g e of s p e c t r o s c o p i c i n v e s t i g a t i o n s (PE, N M R , I R f R a m a n , U V / v i s i b l e , etc.) and initio M O and normal coordinate calculations (ref. 4).
The substitution reactions of mixed carbonyl-thiocarbonyl and -selenocarbonyl complexes are particularly interesting in that CO is almost always replaced i n p r e f e r e n c e t o CS o r CSe. By m a k i n g u s e o f t h i s p r o p e r t y , it h a s e e n p o s s i b l e t o s y n t h e s i z e o p t i c a l l y -a c t i v e c h r o m i u m c o m p l e x e s s u c h as (T~'-Cxylene)Cr(CO)(CS)[P(OMe)3] (ref. 9). O n e of t h e f e w s p e c i e s f o r w h i c h s o m e C S s u b s t i t u t i o n i s e v i d e n t i s [CpFe(CO)2(CS)]+ (ref. lo). It r e a c t s w i t h t e r t i a r y p h o s p h i n e s and o t h e r m o n o d e n t a t e l i g a n d s (L) t o g i v e m i x t u r e s o f [CpFe)CO)(CS)L]+ a n d [ C P F~) C O )~~] + ; w i t h h a l i d e i o n s (X-), b o t h CpFe(CO)(CS)X a n d C P F~( C O )~X a r e produced. A d C S ) v a l u e of a b o u t 1 3 5 0 cm-' i s a p p a r e n t l y a g o o d i n d i c a t o r t h a t CS s u b s t i t u t i o
I n addition to terminal M-CS linkages, there is now a variety of bridged CS c o m p l e x e s t h a t c a n u s u a l l y be d i s t i n g u i s h e d by t h e p o s i t i o n of t h e v(CS) m o d e s i n t h e I R s p e c t r a ( T a b l e 1). S o m e e x a m p l e s of b r i d g i n g C S c o m p l e x e s are
The v(CS) v a l u e s for terminal M-CS linkages appear both a b o v e and below the M o s t of o u r r e c e n t w o r k o n thio-and s e l e n o c a r b o n y l c o m p l e x e s h a s b e e n f o c u s s e d on t h e p h y s i c o c h e m i c a l p r o p e r t i e s of t h e c h r o m i u m c o m p l e x e s ( 6-arene)Cr(CQ)2(CX) (X = S, Se), Reaction with tertiary phosphites (L) affords m i x t u r e s of t h e i s o m e r s Cr(C0)2(CX)L3. T h e r a t e s of i s o m e r i z a t i o n of t h e s e isomers have been monitored by FT-IR spectroscopy (ref. 13). The activation parameters obtained from the IR studies in the CO stretching region for the isomerizations when L = P(OMe)3 for the two complexes and the corresponding -f a~-/ m e r -C r ( C O )~[ P ( O M e )~]~ complexes are g i v e n in
When the 3 -1 to fac isomerizations were a l l o w e d to proceed at 6OoC in the p r e s e n c e of e x e e s i P(OPhI3, t h e r e w a s no I R e v i d e n c e f o r a n y t e r t i a r y p h o s p h i t e i n c o r p o r a t i o n i n d i c a t i n g t h a t t h e i s o n e r i z a t i o n s t a k e p l a c e via T A B L E 1. A p p r o x i m a t e v ( C S ) r a n g e s f o r v a r i o u s t y p e s o f C S b o n d i n g a
ABLE 2. A c t i v a t i o n p a r a m e t e r s f o r t h e i s o m e rz a t i o n ;f Cr(CO)2(CX)(P(OMe
No fac to mer-I of fac to =-I1 interconversions were observed at temperatures up to 8 0 F . This conclusion is supp rted by the formation of CO)3(CS) by arene displacement from ( ~'-PhCO2Me)Cr(C0),(CS) by A fourth CO ligand would have been incorporated if isomerization (COI2(
CONCLUSIONS
The chemistry of transition-metal thio-and selenocarbonyls is now w e l l developed. It is clear that CS and CSe are usually more strongly bound to a metal than is CO. This non-lability makes the CS and CSe ligands especially attractive in mechanistic studies of the isomerizations of stereochemically, non-rigid complexes such as the octahedral Cr(C0)2(CS)L complexes described above.
It is probable that these intramolecular isomerZzations involve some bond lengthening in the activated states due to the pr ence of the translabilizing CS and CSe ligands.
Through the use of 2-D 5fP NMR spectroscopy it has been possible to demonstrate definitively for the first time that these isomerizations take place exclusively via a trigonal-qrismatic pathway. 
